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An dl^ctroplating method of fbirning 
cobalt, nickel alloys or cobalt a r 



T^hnln,^ Field 



PCIVDKM/MSTO 



► latings of nickel. 



Tbe prescBi Inveotkm rdates to an dectiiiptetifitg 
mckd, c(4>ab,iik^alla>vQroot»ltallory&im 
5 Watt'sbadif cfal(»Uelndioraoo(aaniiA^ 

a periodic leverae pulse. CUixott deoshy l^Ekimla ce 



mveuiim, wfaet^ low ixtfma] gtxcsaes aitll 
ment thereof fa made on a particular iMmhf^ 

^iKmif ^^ Art 



Sjdwqntiixlered, 
wfi dievcri 



n^iod of fbrndog platiogs of 
ehjc^UuOepusitiQg beih of tbe type: 
eu^loying ptibc pladng wiih 
is obtained by means of tte 
VTiictcver the meatttie- 
Ctttxent density is used. 



[are Watt's tmite 



10 Tbe most ccmnxm I 

g *^*^ wKkte, nkka cUorido iibd asai \ty boric acid; ctdoride badn 
oootainiBg nkkd dkloride and boric acid|and nOlmaln baths cotitatnipg nickEl 
salftmate, niclael chloride and usually bQril|iicid. H ^ tatter baths are tiacd for the 
mm can^tkvtMi piadc^ and are difHcultikiid com latatively e^ienslve tai nae, 

15 ConiBspoodnigplrtiiigiof cobanwybelil^ 

sulftte and cobBtt ddoride iastead cit tte^^mcspoi Sqg nlckd salts, addii^ 
other meoa aaha phtW of nickel or cdlMiii 

It Is lenown to enqiloy a polsatmg cmttDt, 

al. Me«i]lobeffl. 9 (1982). mse 41 W20. «|eie pub s pMog is used by alteniatlog 
20 faermenequdperiodsofadiiectctttna^i^acmaitde^^ 
and aoDHanKnt perifMls. tiie pulBe ficquatcg^ 

iog a iHilBatiiig omm and as resutt of the IjliviAul 

fiiraiatioit of nystal mcleiues is <Maiiied,;iiiH]s lecd sring a more finfi-sndned Mid 
taaidplatng. 

25 

It is fitttbennDic known to en^pkiy pulse {i^tiiw wil li peikidic revene pulse, i.e. 
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j-,t,-t,tJ»j La 
OuiUDfiu 



WO97)M980 



alternating between iiaubodkttttl 
desired pliting finrndtuni is 
dtposbed lakiod is xanoved by 
in the plating thus bdng smoothed 
5 and Qcn ft diwotodm of Ifae pboii]^ 
less dian tbe cfllhnrfir knuL This 
FialshiiQt, Mgy, 1979. pQge 33-38 
platiiig is obtained st a catki 
1:1 with cadiodlc cycles Tx of 60 



10 



goodie 

ittetal d^osHion^ wbile a pottion of llie 
dls^^mioBL jbi the atiodic cunnt cyde, ai^ nodules 
In otikr to em^ue that the result is a buibMip 
it is iii p i p ci a i^ that the anodic load is to be 
^aedttd; k e.g. ^esciSted by Son et al., Mdal 
wtettiy the htj^lffist dcgice of hatdness la die 
ciaihodic the anodic current density of 
. liberauii^ with anodic cycles of 20 



tb^wecpitfae 



m an 



US paiem No. 2.470,775 aemstec|t 
nickelt cobalt and alloys dncof 
ucA suUUes of Ac metals* The 
icsutaog in an lui|iioved ^ipcaranet ; 
15 ais in an expe d ited drp o sltk ML 
the same range as the cadvxlic 
the US paient, fnr^tnrfh|g japto^a^tnt 



rdfeired to as advantageous 



coonectkm with these additives or 
20 intcmai stresses are ledoced in the 



EP patent No. 0.079.642 (Veco 
an dectrolytic bath of the Watt's 
cyanohydrin as ta^^gfatesier. The 
current widiout anodic cycles, but it 
25 can also be employ ed with the same 
anodic pokes in a pore Watt's 
any fbrttier dqposition is pvevented 
cies used are in a mngc from lOOtci 



Tcrnac96mm 



et a},) disckws a process for ekcttoplating 
elapirodcpo^&ii|8 bath GcmtainiQg ddorides 
is eSiscte^ by means of leversed pulae 
(smobdiness and maximnm biiglilness) as well 
An an kUc emtcnt density i 



is cnq)layed of sobstantially 
dc9|i{|y. Vai^ous addtdvca are 'Tw n r iffn trf in 
-l^HlisidfiAiic acid. Ibese additives ait: 
pc^Dmts,: however ]no directions are icmdercd in 



ei sewbdkl^ in the jiateitt as to how the 
Matin^itestiltin^ ftom electroplating. 



B.V^) rdaies to pulse plattngwidink^ in 
bath tjfpe ocmq^tting buQfi»diol or etl^ykne 
de gp sit kitt is prefi^ably peilbmied at a pulsating 
is statifid that aobdic cycles, i.e. reverse pulse, 
result; it is, ho^vever, not possible to use loag 
bathj wilhoiiii passiv^fa)g the nicioel li^er, wl»rdjy 
Iporeovie^, saidp^entdisclosesdutdie&equcn- 
10,OQdHz. 



30 Nooeof dieabGvenientiosedpiddieu^ 
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WO 97/009^ 



patent No. 3,437,568 cdaiB* to « 
electrof onned parts, but does not 
not relate to pul» plating, addUveb 



medi^ for nw^uoring tbD intonal stmses in 
ai|W6e hj^ to leAta tbe ins^^ 



DB publidied speeiScatkm No. 2.2 i8.^:di8cIoa^ a btth for tkctiodepoedtion of 
5 iiWwU CO whki balh a com^^ 

wlded, such as fiom 0.1 mole/l to I amra^ 

the plath«i applied by ekctiopiati og ai^ a ^bect euneot of e.g. 30 or 60 
mA/cm* contapoodii^ to 3 to 6 A arf^ 
stresses ire oidy redDc»d ftom tfc 1 
10 ««ssiangclh«tt0to26,000pd(i|)|^ 



UsuaUy, the use of mi «d(Httv6 o^y 
tai«c fym sfpt0^, 300 MPa oeasii 
ntms curve is wattty moved 
doistiy, which is a nonnal conditlcln 
15 addidves. 



dotnwant^ 



The use of ttie large amount of 
drawt»dcs, since die additive is 
meot and may cause damage to the 



rewa in a Miction in tte stccaees in 
stiea|:;to 100 ttPn co i qpi B w rfve stress and the 
tut is a fimcticm of die ctttxcut 
for idQT lype nidcd batfa widi or witbout 



addilve ia|ibowever^ obo encmubcicd seven! 
eq^ensivei iias ctetrimental effects on tbe envkoi^ 



iTins, an electrt^rtatlng m^lwd, whe 

20 current density, cannot be dadiMd £nmi^|liie teacii|t«8 of DE 2.218.967. When 
clectroplatity members of a sinqik igecmiiHc sfaapf , often convmtively modest 
variatiwis in die cunem density oe mr ovi* dlffottt areas of tiie sutftoe of tbe 
members. However, ttus is not }Mi8slble|i0^hen dc^liqg widi mcne oonqilkated 
geometric shapes, w^ierein the krwlhod illicardiog jto DB 2.2l8.9rS7 cannot be 

25 employed in pfMise. 

internal Tvrrtirmtnil stress is a pmbiuii 
tbcmgh the process can be controlla 



tn|i]] nidoc^ and cobalt dqmitlonsp even 
satisfteiicsrily hi some instances (by mi>atvz of 
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cofsplotely imippiieable ft>r ^ 
mechaiBcal compongms (n^ similar 



iftthXiiip^^ c<Httti^, cooceatratioii, etc.) 
• ITie prior art m^KKb borwevcr, 

! 

of tPrffl for h^^itttifm wimMIng 

P Qiitpg n rte d gefl^neiric Shapes. 



» pro ride 



5 Caaseqaaxdy, fx is deainble to 
cobalt alloys can be dq>osl!ed 
intetttl fltfCttea - even In opn^licafal 
lesok is obcaioed wUcherer corml 



Diactenmofllieigworiftii 



FCr/DK9Me27t 



allicibod, ^Miereby nkkel, cobab, nickel or 
nAf^fltial^ Reduced or coaqdetely wbhaat 
8^|ietiK ifa^. & is also 
deoa|y is used fbr tbe deiiontm 



10 The pie«ent invendoo relates to aiL dec^ladiv knefliod of formii^ plath^s of 
mdKl, cobalt, Qiclnd or co^ 
13^ of a Watt's baih, a chloiMe bja » or Icottrf^^ 

plating widi periodic levefie ptdaii, said|^ittettiod behig cbaiaetcriaod in diat tlic 
electtodeposittng bath contains an a Iditi^ielected pa»mg sidfimated f«rhtt.«i«i^ 



15 By cOTrfoying the method acoofdiiqffto 
ms a serious problem can be 
shapes of a more oonqilictfed 



avoikd 



[ struciite, 



Bfl« Mqfe for CwYiM Obi Bk Tff iHaiaa 



I coDQjilicA icd 



Sul&mate hadu are more 
20 but aro fcnetaily used to reduce dk 
bath, it is only possible to obtain 
Stresses in case of simple geomeirii: 



Although Eol^mate baths are also 
these present the hiiliftito best 
25 due to heavy internal stresses in :ttiE^ 



internal stresses which constitu- 
fioimitig said platings on geometric 



(dgSctUt an^ more expensive to mahaain), 
stJessilb the pipings. However, in a sulfitmate 
Pla|inas ^ satisfifetorily low intftrfMi 
shqMisi 



«sed 



inimoce coi^licatcd geometric sh^yes, as 
solil|k)n» ofke^ the icsah is not the optimum 
platioti^ which ^.g. may cmse deformation or 
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SulfunBSB baths camkot be used 
anodes (2% S) beis« ano^Uff^ to 
amtwfflin vsA sulfuric «dd (niinkig 
5 ocioiedwlihiimk-TOlfuralkiyQdni^ 
is destroyed. 



for ifoiodfip nvene ^xd^ 

pfeveiat tbe sulfamate fincmi decfwnpoeing in 
le baij^. If the 4iiifetd is ttve^ 
or odibalt beoodies an anode and (be sidfainate 



When u&iog a Watt's badu a cfaloMe bith or a ^ombinalian fheicQf. ft is jiot 
possible to obtain platu^usli«a:dfabctau^ Insulflnna- 
te badv die stress in die fdatnie:- Jbcmt cibiiqmssivjB stress duoggh stiess-tee to 
10 tensile stxcasea - depends on die: cathodyoitfcnt ilitensUy 1^. GoDseqneiMty. on 
sin^te geoniecric idi^ stRw^ 
badi at a qiedfic Ij^ wlik:h deiieiicb c n d» 
tniicly lOA/dffl?. bmoniiiorcoM^aicaie|geotii^ 

If 18 not distzitMied evenly on the en tire sitl&cs of fib member and causes i«*tw>t»i 



15 



The use of die combinBdim ^wyr^ffdht i 
die intmial stresses are very small aid 
and ttais of the aurent distribut Do 
stnesses are obtained wherever on tfab 
20 independent of the actoal local cutie^ 



In this mannefp tike invention renders 
trie shapes completely without or wittt 
ptadng. 



As additive in die method according t« f 
25 i.e. Dapbdiaknc sulfonated fton 
B\3ty with 3 to 5 sulfonic acid groeps i 
In practice, a sulfboated n^hdiateite 



to tlib inventidn has auiprisniglty shown Oiat 
fadtij i enJc flto^tte 

onjdie mtNpG. As a result, low iotettttl 
meiK^jcr the ^tenial stress is measmed aikI 
deniSiics. 



itpG«|bkto m^uflicmre comfdi 
considciably rfeduend iitternal stresses ia the 



d)e inl^remion, sjdfbnated naplithalenB is used. 
1 to «»iMbnic^ groi^ (. SOj^ 
inost|pielccrM^ 2-4 sulfonic acid giotqis. 
pntiinct usually comprises a mixture of 
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Ailfbstttcd naphthftlrmps with 
ndfimic add gioiips per 
pounds may be preacnt for 



virkiiB 



lypiGidly, the tned suUbaaied 
to 3.S Bulfhoic acid groups per 



to 9 



In the presentty pnAiicd oiteiil^Katf ftf iovwttoii, a mixtare of mUbnated 

Midlives said mixture Accfitrffa^ to 
^ saphtba^ ttisnHbi^ acid, pn&riMy 
arkl Bnrtita^thnlrnr^l3 j-tdfloK6idc^> 



]uq;dalialeiies is used as sotftxttted 
amlysis GCHttatadii^ spproximatriiy 
10 c<aiigirfeiog laplithatenewl ,3> 



'tliSUll DDiCi 



In a particular prefientd embodiii^bt 
iiapbOiakiie additive b used in the 
more p iefcne d in an amomtf cf 0.2 
1,0 to 4.0 gA, e.g. around 3.1 g/1. 



<l^itrees <^ ^olftcmatiQn, i.e. the number of 
tidiiduc. Mdceover. sevenl isoiiieric ccm*^ 
»itfSQlfontt|on* 



^ulfbnid^ has a degree of sutfonation chi 
5 sij^boic aci4 groqp« per mokcnk, e.g, 2,5- 



The n a phth i lfm c icaktae in te st^tmt^^ napWn^ addidve is uraally fiee of 
oiber sufafidluems tlian sulfonic add < 
be present provided that diey are nof c 
nated nspMiatone additive on i 
15 by esz^krylqg pube platit^. 



'gtodpt* Any o4e3r subsduieats ni4y* bowevtr, 
dm^iienlal ID tfe benefit 

the ioinn^ atresm in the plating fbtmed 



aclcotdiug tx^die inventira* the sutfivnted 
dfcsaro^iiitiivb^ 
10 7.0 g/1 and nlost pcefenod in an amount of 



20 Moreove^ accofdii^ totheittveadositliei^ 

500 g/1 of NlOj. 0-500 g/l of NiSC>4 anji 10-100 g^l of H3BO3. more preferable 
100-WO g/1 of NiCl2, 0^300 g/i onJiSOi|iand 30^5^ gA of H3BP3 and preferable 
200-350 gn of NiCa^. 25- 173 g/1 ofNisjji, and 35^3 g/1 of H3BO3, for instance 
about 300 grt of NiCIj. 50 g« of NipO4|iid40 grt ^H^fiO^. 

25 It has proved advantageous diat the &uiod|i current 4ensity 1^ is at least 1.5 thnes 
the cathodic current density J^, nx»ie prciienible wl^ ranges fiixm 1 J to 5.0 
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thnes the and mdsi jncibrab] 



ile«l|eaI;i^iB2tD3t 



In a jncfoncd ODdKidinieiit, tbe ntedi M 

ised in d»t the poiutiiig axaeai Is ibadelttp of csfl^idic (^cJet. eacb of a duratkm 
of from 2.5 to 2000 mtec. and at deithodic clmieat density of 0.1 to 16 
5 A/diB*alieni8tingwlthai»dfccyci(8. e4*ofadu|B^ 

and at an anodk ct&Rot doislfy Ix « r 0.1 j 16 80 A/dlr*. A imire iH^^ 
mem according to die invortkm is cbttdned wbea titaag tho pube paianicien die 
!,£ lailgBs Item 2 to 8 A/dni*. tlie i c laijiM to ^ to 200 
from 4 to 24 A/dm? and raniQi £m4 10 lo 40|nuec.. A partiGuJar prefemd 
10 mhn d imfatt i8obtaiiiedwfaeolKigfi«a^te6A/da^,TKttftom30to 

Ia is from 7 to 17 A/dm? and is ] tarn 15 to 30 ffl|ee., c.g. when ^ is 4 A/dm^. 
Tk is 100 msec.. Ia is 10 AAbn^aill T^jiB 20 mtei. 



NiCj|2>6II)0 anl SO g/1 of I^iSO^^I^O was 
HjEiOs aid 3.1 g/1 Of SDlfbinted 

90% iiapb4alei]e-1.3,6/7-tris^^ add 



15 A nickel bath contamiiig 300 g/] of 
admixed, and to bath 40 g/1 ocf 
addidve of technkal giiid« coords \ng 
wer& added. 



Nickel was deposited on a aieel m p Gjbai in a d^atoiQcter so that fbc faaenol 
20 stressea inthedcpostodnicWcaiilxinw^ 
atecl strip, TTictcmpciattTOofthe bahwa^^ 

said bath at ft pulsating ciirreitt hay ng djte ca^iJ polae of 100 msec, aod 3.5 
A/dn^ fbUowed hy an anodic pul«; of jfO msec, ial 8.75 A/dm^, Oie mtemal 
stresses weie measured to be 0 MPi or of accural of the 
25 apparatus of ^jproxhnaidiy :t 10 M^. l 
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FoUowiiig the meOiod aocozdzng (o 
of ibe same sulftiaiaifid im pl tfti ft ig qf 
as in Exmiple 1, i.c. tine ilie 
dmn Ifae degxee of nocuracy of 
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: < 

\ ^ 

» I 

pMB93^ I witt^tfae exccpthm that only 1.1 g/1 
Itddiitve was tttei]» ttie sat^ 

Btresses wt!^ to measure to OMPaor less 
of qiliRixiiiiatiely ± 10 MPa, 



Following the method aocmOqg to;Bu|iipfe 2 wit^ tbe exception diat the aaodk 
qinentdcns&y Ia and the catliodfccuweii density^ was act at l-« A/dm^ ipi j <>.5 
A/dm^ respectively, the sanie leani t as In Eatampli 1 was obtained, i.e. duit die 
iaemal stcesses were measoted to 0 MPai er less ^im die degree of accuracy of the 
10 apparatos of appiaxinwtety ± 19 1^ [ft. 1 



FdUowlog the method aocoxding! to 
current deosi^ I^^ and die cwrtiodic 
7.5 AJ^a? lefipectivdy, the same 
15 intonal stresses woe mcasiutd to 
apparatus of apfsoximaftely ± 10 



mtm dcnsily L was set at 18,75 A/dm^ and 
Rfcub^lnBxamg|le 1 wasoMauied, i.e. diatthe 
0 MP^ or less th^i tlK degree of accuraf^ of the 



Usiog the med»d aooordipg n> 
g/l of NiCl2 and 50 g/1 of 
20 <B20andS0g/iof CoSO^^HsO 

naphthalene additive, similar cobalt^latii^ 
have the similar low imemai stzesset. 



B»ai j (iplr 3 wit^ tlie exception that the anodic 



»Pa. 



NiSO. 



li in wUcli^die nickel hath containhig 300 
^4^0 is si^tttituied by 300 g/1 of C0CI2, 
t% came aninint of HjBO^ and suUboaficd 
can be plodoced which are expected to 
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Folkwing (b^ ukediod acranUog I) fix^iapk 5 wih the cxccpdon that 1.1 g/I of 
suUomted ])^>litbaleQe addlth^ 
cxpodod. 



5 Fon(nvingtfaciii«cfx)daccQidii««iB^ 



currem dtotHy and the oUliDdic 



< ainetit deadly ^ was set At i .23 A/dm^ and 0,5 



A/dm^iegpcctivcly, similar ste^W cbhilt platings can be expected. 



FoUowiiig Ibc m^hod accoidiog 
10 canon deostey Ij^ and die ottbodit 
7.5 A/dsE? respectively, simQar 



fixa|iq>k 7 witJi the cxcq)tk»i dm tbe anodic 
Oirnbal den&icy ^ was set at 18.75 A/dm^ and 
Btfi^ss-fr^ CGlttlt |4atti^ are esqiected. 



CMimariBon Exiitn^l»i 



Efi^doyiqg the same 9ct-up and 
15 of 4 A/dtt?^ die iotemftl stmses 
tD377 MPa. 



Bn^Joying die SAme 9ct-^ aial 
of 7.5 A/dm^t dte internal stresses 



20 



miMal^ as in Ex4q[>te 1, but at a direct comnt 
to ocmi|Miri8oa widi said Exon^ie wene meastued 



Comp|iriiKyii Frmcl^ 



matictiils 



to in Bumble 2, bui M^jig a direct cwmit 
imv fneanired t|i 490 MPa, 



£n]plc3yti« tbe same sct^vp and miteoalB as in Example 2, but instead vsm a 
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(lie * 3^ ^'dm^, Tk - 100 msec,, 1^ 
stresses meaaued to 410 MPft. 
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1. An tlectroplfltizig method Df 
QOtudt allgyB in an ^ctrodcpoiltii^ 
chloride iMtth or ■ camUnatkm 
5 leverse pulse, character! s 
stdftooated nflphflmleoe a» an adJiti^ 
1.5 tunes the cathodic cuncitt- 



rcT/iMCMmno 



11 



2, M^faod acoofdliv to claim 1. c 
nqdidttkDe additive in fbnn 
10 suOfQiiatioQ of 1 to 6 mtfonlc add 



iitata«8 o^ttidkdt cobalt, niclDel alloys or 
baft bck«igi4K to the type of Watfa hath. 

By mfikfy^ poise platii« widi periodfc 
4 in that Ifae |lectrodepositing baOi cooiuiis 
and On an at|)dic current deittky at least 
used at ^ pulse plating. 



aractcri^ed in the uae of a sulftHiatod 

. • • • . ij 

of Bulftiiiiedn4)lidiale|»tiavi^ganaveirage degice of 
g toiqtt per iK^diOalene residue* 



3. Nfcthod acconiiiig to claim 2, c 
naphthalene additive lus an avetagc 
groups per naphthalene residue. 



h a t ac t e r ^ 8 e d hi diat the sulfbnated 
degree of Butfdttflliou <tf 2 to 5 sulfonic ^±1 



4. hfetfaod according to claim 1 fotblie 
IS e r i s e d in ttiat the bath conqiOBiti bo 
g/1 of NiS04 wi 10 to 100 g/loTHiiBb^ 
300 g/i of NiS04 and 30-50 g/1 of a PBO3 
NiCl,. 25 to 175 g/i of NiS04 and 



^m^tkm ok nAdka platiqgs, c h a r a c t- 
ccttuvcises l<j to 500 gfl of NiCfa. 0 10 500 
preffesablil 100 tD400 gn of NiOj, 0 to 
^vputieakr|y prdcrablc 200 to 350 g/i of 
to45g/Iofl4B03. 



5< MelhDdwxoEdhigtoclannl»cli^ar4cteris|^ d in that the anodic current 
20 densiQr 1^ is fiom 1.5 to 5.0 times II 1^; proferahl^ 2 to 3 times die 1^- 



6. Mediod accoidjng to claim 1» c 
coirent is made up of cathodic cycles 
msec, at a pulsating or unifoim ca 
ting whh anodic cycleat eachof adu^ukit 
25 current density Ia of 0.15-WA/dni^ 



a r a c t e r^ ft « d in that the pulsating 
eaeh of a dui^tion T,^ of from 2.5 to 2000 
^ cimiem densly Ik of 0.1*16 A/dn^ attenia- 
of ftoih 0.5 to 80 msec, at an anodic 
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7. Method aoxiniiiv to cUioi 6. |hftracte|iBed mlfaattiie pulsotiiv 
cunent is mute iq> of cadndic qi|ei, each of a duzatiai Tr of ban 30 n 200 
msec. « B catodic omert dcnsily It^^rf^ 

esch of a dmlicm Tj^ of fitan 10 1 1 40 «aaee. at aii anodic carrot denshy 1^ of 3 
S to 20 A/dm?. I I 

I : f 

8. I^i]tttui8CuirettaDoaidixigtoc|iin7. charajeterlsed In dnt the pulse 
P™««» Ia. Ta is 4 |/din». 100 m4.. JO A/dm> and 20 msec., 
respectively, 



9. MMbodaoiMidiqg to claim l.clarieterisi^ ia that die adtlUve is med 
10 ia the amount of 0. 1 to 10 gAI. pn#ddy 0.2 to T.Cfg/l and paiticiilady 1 to 4 g/1. 
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